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FOURTH EMPIRE MINING AND METALLURGICAL 
CONGRESS. GREAT BRITAIN—1949 


By T. DEWHURST (Fellow and Past-President) 


THe First Empire Mining and Metallur- 
gical Congress was convened by seven 
technical bodies, including the Institu- 
tion of Petroleum Technologists, and 
was held at Wembley in connexion with 
the great British Empire Exhibition of 
1924, 

The Second Congress was held in 
Canada in 1927, and the Third in South 
Africa in 1930. It was hoped that the 
Fourth Congress would be held in 
Australia in 1933, but this proved to be 
impracticable owing to the very adverse 
economic conditions of the early thirties. 
Indeed, it proved to be impossible to hold 
the Congress again before the Second 
World War. After the war, the Empire 
Council of Mining and Metallurgical 


Institutions, consisting of representatives 
of some eleven constituent bodies, 
including the Institute of Petroleum, 
decided that the Fourth Congress 
should be held in Great Britain in 1949. 

The Prime Minister was the Honorary 
President of the Congress, the President 
being Sir Henry T. Tizard, chairman of 
the Advisory Council on Scientific 
Policy. The Treasurer was Sir Clive L. 
Baillieu, Chairman of the Empire Council 
of Miningand Metallurgical Institutions. 
The Honorary’ Vice-Presidents  in- 
cluded the Cabinet Ministers concerned 
with science, mining, the Dominions and 
Colonies, and also the Prime Ministers 
of all the Dominions. 

The Congress was well attended by 
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delegates and members from all parts of 
the Commonwealth and Empire, and 
also from the U.S.A. Members also 
attended from some eight countries of 
Europe, and from Egypt, Iraq, Portu- 
guese West Africa, and Chile. 

The general programme was arranged 
in three stages. From July 9 to 12 the 
proceedings took place in London; the 
technical sessions were held in Oxford 
from July 12 to 17; and excursions were 
conducted from July 17 to 23. 

The headquarters in London were at 
Grosvenor House, and the proceedings 
were opened by the President's reception 
to official delegates on the morning of 
Saturday, July 9. In the evening, dele- 
gates and members and their ladies were 
entertained at a Government reception 
at Lancaster House. The inaugural 
meeting was opened on Monday, July 11, 
by the Minister of Fuel and Power. 
Afterwards a very successful luncheon 
was held in the ballroom. In the after- 
noon a reception was given by the Par- 
liamentary and Scientific Committee in 
the House of Commons, and at night a 
banquet was held in the Guildhall, the 
speakers including H.R.H. the Duke of 
Gloucester, the Minister of Fuel and 
Power, and the President of the Con- 
gress. 

Visits were paid to the research labora- 
tories of the General Electric Co. Ltd.; 
to the Underground Mining Machinery 
Exhibition at Earl’s Court; to the labora- 
tories of Hunting Aerosurveys Ltd. at 
Elstree; to the Fuel Research Station of 
the D.S.I.R., Greenwich; and to the 
Powell Duffryn Research Laboratories 
Ltd. at Battersea. 

On Tuesday, July 12, delegates and 
members assembled in Oxford, the head- 
quarters of the Congress being the 
Oxford Union Society. They were wel- 
comed on behalf of the University by 
Sir Richard Livingstone, President of 
Corpus Christi College, and then settled 
down to the serious work of the Con- 
gress, the presentation and discussion 
of papers on numerous mining and 


These were of 
special interest and importance, as there 
had been many developments to record 
and discuss since the last Congress in 


metallurgical subjects. 


1930. For example, there had been 
serious depletion of some easily acces- 
sible mineral deposits; mining operations 
had been carried out to increasingly 
greater depths and therefore under 
higher temperature conditions, and the 
effect of these conditions on the health 
of underground mine workers had be- 
come an important problem; new 
methods of locating mineral deposits 
had been developed and had greatly 
increased in importance; minerals, 
metals, and alloys that were of scientitic 
interest only at the time of the last 
Congress had become part of the fabric 
of industry; and new uses for metals, 
and also new metallurgical processes for 
their recovery, had been developed, 


EMPIRE MINERAL RESOURCES 

A series of important papers dealt 
with the mineral resources of the 
Dominions and Colonies. In the case of 
Australia, there were no major dis- 
coveries to record since the last Congress. 
There is a wide range of mineral produc- 
tion, but the most important deposits 
are the lead-zinc-silver ores of Broken 
Hill. Gold mining is still important, and 
the production of copper should increase 
in future. The goldfields and diamond 
mines of the Union of South Africa are 
too well known to require comment. 
However, there have been striking 
developments in regard to gold since 
the last Congress, as the Western Rand 
has been developed, and diamond drill- 
ing has indicated that many new gold 
mines will be opened up in the Orange 
Free State. Less well known to the 
general public are the large deposits of 
chromite, manganese, copper, antimony, 
asbestos, the platinum group of metals, 
etc. In the case of Canada, there has 
been an increase in the production of 
the major metals and minerals during 
the past decade, while others, notably 
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quicksilver, tungsten, fluorspar, tellu- 
rium, selenium, cadmium, bismuth, and 
tin, are now being produced. 

A paper by Sir Lewis Fermor dealt 
with the mineral resources of Malaya, 
British North Borneo, Hong Kong, etc., 
and stressed the inadequacy of the 
British Government’s provision for 
financial compensation for damage sus- 
tained during the war. Taxation is very 
heavy, and Malayan tin mining is per- 
haps the most highly taxed in the world. 
Reference was also made to the impor- 
tant Seria oilfield in Brunei, and to the 
phosphate deposits of Christmas Island. 

Dr N. R. Junner described the princi- 
pa! mineral deposits of the British West 
African Colonies, which yield gold, tin 
ore, diamonds, manganese, iron ores, 
columbite, bauxite, chromite, etc. The 
mineral resources of the East African 
Colonies were described by Sir Edmund 
Teale. In regard to Tanganyika, he 
stressed the discovery by Dr Williamson 
in 1943 of the rich diamond field at 
Mwadui; also the recent discoveries in 
the Mpanda mines of complex ores 
yielding lead, silver, copper, and gold. 
Other minerals which occur in the 
Colony inciude tin, mica, iron, and 
platinum. Kenya has two important 
gold belts, and there are also deposits 
of kyanite and soda. 

A paper was presented on the mineral 
resources of Southern Rhodesia. Al- 
though gold output has declined, the 
production of base metals has increased, 
the principal minerals being asbestos, 
chrome, and tin. 

A paper by E. H. Beard dealt with the 
mineral resources of other Empire terri- 
tories. In regard to Northern Rhodesia, 
he pointed out that since the previous 
Congress the famous copper belt had 
become one of the greatest copper and 
cobalt districts in the world, the cobalt 
being obtained mainly from the sulphide 
mineral carrollite. He also referred to 
several important advances in connexion 
with the well-known lead-zinc-vanadium 
mines at Broken Hill. In regard to 
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British Guiana, the paper dealt with 
the important deposits of high-grade 
bauxite; diamonds and gold are also 
produced, while a, variety of minerals of 
possible economic interest occur. 

Dr D. N. Wadia contributed an exten- 
sive review of the mineral resources of 
India and Pakistan. He classified Indian 
minerals of world importance as being 
iron ore, mica, titanium ore, and thoria- 
nite; while there are available for export 
bauxite, corundum, magnesite, manga- 
nese ore, monazite, sillimanite and 
kyanite, silica, natural abrasives, and 
steatite. Recent discoveries include 
pitchblende and extremely fine emeralds. 


PROSPECTING AND MINING 

Three interesting papers described the 
application of modern methods of pros- 
pecting to the search for new mineral 
deposits in South Africa, Australia, and 
Canada. In Canada large areas of 
potentially favourable ground have not 
yet been closely prospected or mapped 
geologically. In another section some 
six important papers dealt with the 
physiological and psychological effects 
of heat and humidity on workers in deep 
mines and in metallurgical works. Four 
papers were read on present-day trends 
in mineral dressing, while some twelve 
papers dealt with aspects of metallurgy 
and the metallurgical industries. Only 
three papers were devoted to coal and 
coal mining; one on the coal resources 
of the British Commonwealth, another 
on the characteristics of Empire coals 
and their bearing on the industrial 
potential of the Empire, and a third on 
modern trends in coal mining practice 
in Great Britain. 


PETROLEUM RESOURCES 


The Commonwealth and Empire 
produce only some 2 per cent of the 
world’s petroleum supply, and therefore 
it is perhaps’ not surprising that the 
subject of petroleum did not figure 
prominently in the proceedings of the 
Congress. A short time ago it seemed 
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probable that Professor Illing would 
read a paper on the petroleum resources 
of the Empire, but unfortunately this did 
not prove to be possible. However, Mr 
H. W. Lane presented a valuable paper 
on modern drilling and production prac- 
tice in the oilfields of South Iran. The 
paper dealt with the standard drilling 
programme and mud technique; with 
pressure drilling, which has enabled high 
pressure conditions in the upper forma- 
tions to be overcome; and included a 
description of drilling through the reser- 
voir rock. The section dealing with 
production explained the principles of 
unit control, stress being laid on the 
importance of collecting accurate reser- 
voir data. The paper also described the 
surface production system, and included 
a reference to the unique practice of 
recycling the surplus products of refin- 
ing. The paper contains many illustra- 
tions, including photographs of the 
oilfields and cross-sections showing the 
underground structure of the most im- 
portant fields. 

Dr Taverne read an interesting paper 
on the application of auger and core 
drilling in petroleum exploration. He 
explained the methods of shallow and 
deep hand augering, the various methods 
of core drilling, oriented percussion 
drilling, and deep core drilling. He 
showed that auger drilling can yield 
useful evidence, particularly in dense 
jungle areas of tropical countries where 
outcrop evidence is scarce or obscure, 
and where the solid geology is hidden 
beneath soil or a thin cover of drift or 
alluvium. Auger drilling is supple- 
mented by the taking of oriented per- 
cussion cores. Core drilling is under- 
taken to check geophysical results in 
alluvial areas, to obtain precise informa- 
tion respecting concealed thrusts and 
faults, and also to obtain stratigraphical 
and structural evidence beneath a thick 
cover of alluvium or an unconformable 
series. 


There were references to petroleum in 
other papers. Sir Lewis Fermor referred 
to the remarkable development of the 
Seria oilfield in Brunei State, and the 
paper by E. H. Beard contained an 
account of the petroleum industry of 
Trinidad. Another paper dealt with 
aerial photography in petroleum and 
mineral prospecting, while the paper by 
C. J. Sullivan on mineral exploration 
in Australia contained a small section 
devoted to petroleum technology. 

In addition to the technical papers 
dealing with petroleum, there was an 
important exhibition of oilfield develop- 
ment, which was sponsored by the 
petroleum industry in Great Britain. 
(U.P. Review, Sept. 1949, p. 273.) 

The technical sessions were followed 
by excursions to Cardiff, Cornwall, 
Edinburgh, and Newcastle-upon-Tyne. 
Visits were paid to several collieries and 
iron-ore mines in South Wales; also to 
several important steelworks and to 
National Oil Refineries Ltd. at Llan- 
darcy. The excursion to Cornwall 
included visits to tin mines, and a whole- 
day tour of the china clay district. The 
trip to Edinburgh included visits to ship- 
building works, collieries and factories, 
and to the Philpstoun oil-shale mine 
and the Westwood crude oil works. 
The excursion to Newcastle-upon-Tyne 
enabled members to visit the big ship- 
yards. 

The Congress was highly successful, 
and*members from all parts of the 
Commonwealth and Empire will long 
retain most pleasant memories of their 
sojourn in the mother country during 
the wonderful summer of 1949. 

During the Congress an invitation 
from Australia and New Zealand to hold 
the Fifth Empire Mining and Metallur- 
gical Congress in Australasia in 1953, 
was received with much pleasure and 
accepted with thanks by the Empire 
Council of Mining and Metallurgical 
Institutions. 
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Immediately after the war the urge 
was ‘Research’, and in conformity with 
this trend a north-western petroleum 
refinery erected an architect-designed 
research and development laboratory. 
On completion there was a gap over the 
entrance doorway, which was finally 
filled by a sculptured plaque with main 
motif a bird, with wings outstretched, 
grasping a glass retort. 

The design was pleasing and would 
probably have remained of passing in- 
terest for its artistic qualities alone had 
not the research laboratory immediately 
become known to all employees as “The 
Duck and Bottle’. The “bottle” or the 
glass retort has always been the’ recog- 
nized symbol for laboratory work. The 
“duck” was an unknown quantity. 

On consultation with the sculptor 
responsible for the design it transpired 
that he had carried out a considerable 
amount of investigation to obtain a 
symbol which would be representative 
of the petroleum industry. Being un- 
connected with the industry, his scan 
was wider than would otherwise have 
been the case. His final decision was that 
the requirement was met by the Archae- 
opteryx. The employees’ “duck” was, 
in fact, a sculptured rendering of the 
Archaeopteryx. 


The name conveyed little even to those 
erudite in such questions. It is, however, 
fully covered in the literature from 
which the following salient information 
is extracted. The Archaeopteryx is of 
historical interest in that it represents 
the evolutionary stage between the rep- 
tile and the bird. Such information as is 
now available on its living appearance 
has been built up from a few skeletons 
recovered from the Jurassic limestone in 
Bavaria, Germany. 

Petroleum literature discloses the fact 
that as early as A.D. 1436 petroleum was 
derived from the Tegernsee district of 
Bavaria and that the oil is said to come 
chiefly from limestones and sandstones 
of Upper Jurassic age. 

Let us say straight away that there is 
no direct connexion between the Archae- 
opteryx and petroleum. The petroleum 
in Bavaria did not derive from Archaeop- 
teryxes nor is there reference in the 
literature to the skeletons being found 
in oil-bearing strata. There is, however, 
certain evidence that the geological age 
of the skeleton strata is similar to that of 
the oil-bearing formation. 

Drake’s well, typical of the period, is 
generally regarded as being symbolical 
of the birth of the petroleum industry, as 
we know it now. The Archaeopteryx, 
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typical of the period, is symbolical of the 
birth of petroleum. 

Whether or not the sculptor was 
questing for a symbol for petroleum or 
for the petroleum industry, it was a 
happy chance that he made available the 
Archaeopteryx to a scientific body in- 
terested in petroleum. It is as such that 
we would regard the Archaeopteryx, but 
a further peculiar chance might be noted. 
The Archaeopteryx was the flying stage 
in the evolution of reptile to bird. For 
long the bird was an inspiration to man, 
who finally achieved flight by evolving 
wings of petroleum. So much for the 
symbol and its history. Now for a short 
history of the evolution of our Crest. 

At the request of a Council member 
the sculptor sketched a Crest utilizing 
the Archaeopteryx as main motif. This 
was of artistic excellence, but at that 
period the significance of the Archacop- 
teryx was not fully realized. Council 


members tended to favour the oil 
derrick but without unanimity ‘of 
opinion. 


Recommendation was made, and 
Council agreed that the Crest question 
be referred to the College of Heralds, 
which action would have the added 
advantage of resulting in an officially 
registered design. 

The first design submitted by the 
College of Heralds was based on the oil 
derrick. It was apparent from this that 
the oil derrick was unsuitable as a main 
motif for crest purposes. 

The College of Heralds suggested that 
they could work out a satisfactory de- 
sign if the Archaeopteryx was utilized 
as main motif. The utilization of the 
Archaeopteryx for this purpose was 
agreed by Council. The suggestion of 
a Council member that the Institute’s 
motto Conjunctione potiores be in- 
cluded in the Crest was also accepted. 

Working to these guiding features the 
College of Heralds evolved and sub- 
mitted a design. One anticipates a 
certain diversity of opinion on artistic 
work. In this respect the submitted 


design was unique. It met with imme- 
diate unanimous approval by the com 
mittee responsible and by Council 
members on its submission to Council 
by the committee. 

In a previous article our monogram 
was described. The monogram prope 
covers our Institute as a scientific bod 
The circular surround provides the con- 
necting link of our Institute with the 
petroleum industry. The symbolism 
utilized stresses the unity of operations 
within that industry. 

Let us be candid and state that by 
chance and not by design our crest 
exactly parallels our monogram. The 
crest covers our Institute as a scientitic 
body interested in petroleum. The 
motto, which may be literally translated 
“Strength through unity’, provides the 
connecting link with the petroleum in- 
dustry. The basic thought of unity is 
exactly similar. 

But for the questing mind of a sculp- 
tor the history of our crest might have 
been less facile. To Mr Geo. T. Capstick 
of Liverpool we tender our acknow- 
ledgement and thanks. 


(The Institute is indebted to Mr J. S. 
Parker, not only for the above contribu- 
tion, but also for the great amount of 
work he has performed in connexion with 
the Institute's new crest.—Editor.) 


PREPRINTS 


Due to the ever-increasing costs of 
printing and the large demand for pre- 
prints of papers to be read before the 
Institute, it has been found necessary to 
make a small charge for these. Con- 
sequently, the preprints of the paper or 
papers to be read at a meeting will be 
ls. post free. Those wishing to receive 
preprints of all papers during the session 
can do so at a cost of Ss. post free. 
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IV. VISCOSITY, VISCOSITY 


SIGNIFICANCE OF PROPERTIES OF PETROLEUM 
PRODUCTS 


INDEX, AND RHEOLOGY 


By ALFRED H. NISSAN (Fellow) 


VISCOSITY 


Simply, viscosity is a measure of the 
resistance met when two layers of a 
liquid are made to slip past each other. 
Newton termed it the “deficiency of 
slipperiness” shown by liquids and gases. 
There are many ways of noting this 
property. For example, when two 
vessels, One containing petrol and the 
other a lubricating oil, are stirred, two 
differences appear immediately. 

(i) Much less effort is required to stir 

the petrol than the oil. 
The petrol shows turbulence, vor- 
tices, and generally chaotic criss- 
crossing of the streams more readily 
than the lubricant, which tends 
to flow along more orderly 
and smoother lines—the so-called 
“streamlines”. 


(ii) 


Both of these differences are due to the 
fact that the oil is more viscgus than the 
petrol, and they constitute the two main 
interests which the petroleum technolo- 
gist has in viscosity. The first observa- 
tion, that the more viscous an oil is, the 
greater the effort required to make it 
flow, is of direct and obvious impor- 
tance. For example, in the flow of 
petroleum products in underground 
reservoirs, up the well, or along pipe- 
lines either to refine or to transport it 
from one place to another—in all these 
flow processes expenditure of energy 
and, consequently, of money, is required 
to overcome the effects of viscosity. In 
other respects this need for large forces 
to overcome viscous resistance is utilized 
effectively; for instance, in the lubrica- 
tion of bearings, the higher the viscosity 
of an oil the greater will be the maximum 
load allowable on the bearing when 
other factors are equal. 
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The second observation, that viscous 
oils tend to flow along orderly stream- 
lines, constitutes the second main in- 
terest of the petroleum engineer in 
viscosity, but in a more subtle way than 
the first, and perhaps requires a short 
explanation. 

As mentioned above, liquids can be 
observed to flow either in smooth paral- 
lel layers or in turbulent chaotic ever- 
changing patterns. The same liquid can 
be made to flow in either way. By 
increasing the speed of flow or the 
density of the material, turbulence is 
induced; by increasing the viscosity the 
so-called “‘streamline régime” is stabi- 
lized. The important point is that the 
same liquid in the same container has 
certain very markedly different charac- 
teristics in the two régimes. It will, for 
instance, have a very much higher heat 
transfer coefficient when turbulent than 
when it is in streamline flow. Again, 
when a jet of liquid is ejected from a 
nozzle its tendency to break up into 
drops is much greater if it is turbulent 
than if laminar. Even the pressures 
necessary to move it in a pipeline are 
very much dependent on what régime is 
obtaining in the pipe. Doubling the 
speed of flow in the streamline régime 
requires doubling the pressure. In fully 
turbulent régimes, doubling the speed 
requires four times the pressures. These 
differences do not exhaust the list, but 
illustrate how impcrtant they are in the 
practical field. 

Thus the petroleum engineer is in- 
terested in the régime of flow obtaining 
in his system, because the régime deter- 
mines for him a host of important 
characteristics of the oil which are of 
direct influence on the design and opera- 
tion of his plant. The influence of 
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viscosity on the type of régime that can 
be maintained is so great that flow in the 
streamline or laminar régime is also 
called “viscous flow”. 

The viscosity of an oil is affected by 
several factors. The molecular constitu- 
tion of the oil is obviously of fundamen- 
tal importance. Thus aromatics are 
more viscous than paraffins of equal 
molecular weights. As viscosity is a 
measure of the interaction of layers of a 
liquid resisting their slipping over each 
other, it follows that any chemical factor 
which affects the constituent molecules 
of the liquid wi!l have some effect on its 
viscosity. However, physical conditions 
have their effects too and, of such condi- 
tions, probably the most significant is 
temperature. Pressure generally in- 
creases the viscosity; probably the in- 
fluence of the very high pressures that 
sometimes obtain in bearings has not 
been given its due importance in the 
past, but there is evidence of greater 
awareness of this influence in recent 
work. Nevertheless, it is safe to state 
that the effects of temperature are by far 
the most important in the majority of 
viscosity problems in the petroleum 
industry. 

A rise in temperature will always 
result in a marked drop in the viscosity 
of petroleum products which have not 
been specifically “doped” to modify this 
effect. For oils of high viscosity a rise of 
only 20 F is sufficient to halve the 
viscosity. The greater the viscosity the 
greater is the effect of temperature 
changes upon it. Thus, less viscous oils 
will generally show a smaller percentage 
change of viscosity than more viscous 
oils for the same temperature change. 
This rule applies to a single oil too as it 
is progressively heated. The drop in 
viscosity, consequent on heating an oil 
from 0 F to 10 F (when its viscosity is 
high), is severalfold greater than when 
heating the same oil from 200°F to 
210°F. Thus, the curve shown in Fig. 1 
is very general and applies qualitatively 
to most oils when compared with each 


other, and also for one oil at different 
temperatures. 


Viscosity INDEX 

The change of viscosity with tempera- 
ture being one of the most important 
properties of an oil, it would be most 
useful if the viscosity temperature char- 
acteristic of all oils could be represented 
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Fig. 1.—The relationship of percentage viscosity 
change due to a change in temperature with 
viscosity. | 
accurately by a single curve as in Fig. 1. 
Oils, however, whilst obeying this rule 
generally, show important differences in 
detail. These relatively small differences 
are of paramount importance in prac- 
tice. To illustrate both the general 
similatity and the small but important 
differences in detail, two oils may be 
studied. 

Oils A and B are chosen so that A 
represents a class of oils which have a 
very good viscosity stability with tem- 
perature compared with oil B, chosen 
from a class which is very poor from this 
viewpoint. The oils are of nearly the 
same viscosity at 100°F, namely, 1921 
and 1922 centistokes (cs) respectively. 
When these two oils are heated to 210° F 
oil A drops in viscosity by 1846 cs or 
96 per cent, whilst oil B drops by 1882 cs 
or 98 per cent. Thus, in general, the 
percentage drop in viscosity of the 
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extremely different oils is 97 +-1 per cent. 
Nevertheless, in practice their difference 
is of marked importance: oil A with a 
viscosity of 75 cs is nearly twice as 
viscous at 210°F as oil B with its 40 cs, 
although they both have the same vis- 
cosity at 100° F. 

This example points to several matters 
of importance to the oil engineer. It 
illustrates numerically the very great 
change in the viscosity of oils when they 
are heated. Thus the problem of lubri- 
cating an internal combustion engine 
with the same oil, both when starting 
cold and when running at the optimum 
temperature (involving a change of over 
150° F), immediately necessitates a close 
study and control of the viscosity- 
temperature characteristics of the oils to 
be used. As Fig. 1 shows that the change 
of viscosity with temperature depends on 
the viscosity value itself, it becomes 
necessary to specify the viscosity at 
which the two oils are to be compared, 
at least at one temperature. Otherwise 
a viscosity-stable oil of high viscosity 
will always compare unfavourably even 
with a viscosity-unstable oil of low vis- 
cosity if merely the change of viscosity 
on testing is reported either in absolute 
values or as a percentage. 

Further, it illustrates the need for a 
fine scale in characterizing the oil: when 
the oil is heated from 100°F to 210°Fa 
difference of 2 per cent of the viscosity 
at 100°F means nearly 100 per cent 
difference in the viscosity of the oil at 
210°F. Therefore, having specified the 
viscosity of an oil at one temperature, it 
is necessary to specify most accurately 
the viscosity drop of the oil. Instead of 
specifying the viscosity drop as a per- 
centage carried to three or four signifi- 
cant figures, it is simpler to specify the 
actual viscosity at some higher tempera- 
ture. Thus it should be fairly rigid if, say, 
the viscosity of the oil were specified at 
two convenient standard temperatures 
to represent low and high values, say, 
100°F and 210°F. Oils could then 
be compared on an equitable basis 


for viscosity-temperature stability. The 
trouble with such a system is that it is 
too rigid; for example, oils could not be 
specified in types or classes but only 
individually. 

Dean and Davis solved this problem 
in the following manner. They examined 
two series of oils, one representing 
a stable and the other an unstable 
viscosity-temperature character. They 
called the first series the H series and 
the second the L series. They deter- 
mined the viscosities of the oils in both 
series at 100° F and 210° F, plotted their 
results, and generally smoothed out 
irregularities. Thus they had a number 
of values for viscosities of oils at 100° F 
and 210°F. To illustrate, the H series 
had the following smoothed values for 
some of its oils: 


Viscosity at 


100°F 30-040 89-178 1010-4 1921-3 
Viscosity at 
210°F 5:00 10-00 50:00 75:0 


The L series, similarly, had the following 
corresponding values: 


Viscosity at 


100°F 42-570 162:494 2990 6446:7 


Viscosity at 
210°F 5:00 10:00 50-00 75:0 
(Oils of intermediate values are also 
listed, but these two tables illustrate the 
general trend.) Then they considered an 
oil of unknown characteristic. They 
measured its viscosity at 210°F and 
found, say, it was 10-00 cs. If the vis- 
cosity of the oil at 100° F was 89-178 it 
would be equivalent to the H series of 
high viscosity-temperature stability and 
could be called an H-oil. If, on the other 
hand, it was found to be 162-494, then 
it could be equivalent to the L series, of 
low viscosity-temperature stability and 
called L-oil. However, in practice, very 
rarely was an oil exactly like the one or 
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the other; generally the viscosity at 
100° F for an oil of 10-00 cs at 210° F 
was higher than the 89 cs of the H series, 
but lower than the 162 cs of the L series. 
It might be found to have, say, 130-0 cs 
at 100°F. Therefore, they determined 
the difference between the L series oil at 
100° F and the unknown oil and also the 
difference between the L and H oils at 
100° F i.e., (162-494 — 130-0) = 32-494 
and (162°494 — 89-178) = 73-316. 

The unknown oil was deemed to be 
as far above the L series in its viscosity- 
temperature quality compared to the H 
series as 32-494 is to 73-316. Calling 
the level of H series in relation to the 
L series 100, then the unknown oil will 
32-494 
53316 100= 44-3 or, say, 
44. They called this rating the “viscosity 
index” or the V.1. of the oil. 

Thus, to recapitulate, the viscosity 
index of an oil denotes how it compares 
with two hypothetical oils having the 
same viscosity as itself at 210° F, but 
different viscosities at 100 F. Tables 
and nomographs exist for the rapid 
calculation of the V.I. from the two 
viscosities at 100 F and 210°F. The 
two oils A and B, quoted above as 
having nearly the same viscosity at 
100° F, have 100 and 0 viscosity indices 
respectively. 

The V.I. has been the subject of criti- 
cism and other systems have been pro- 
posed. It is, nevertheless, accepted as a 
standard method of comparing oils for 
their viscosity-temperature relationships 
in both Britain and the U.S.A. and in 
several other countries. 


be rated as 


Viscosity MEASUREMENTS 

To control or specify the viscosity and 
viscosity-index of oil, it is necessary to 
develop some technique and apparatus 
for measuring this property. There are 
very many ways of measuring viscosity, 
but all fall into one of two main classes. 
The first class comprises the absolute 
methods whereby from measurements of 
the dimensions of the apparatus, of the 


pressures or forces involved and of the 
speeds of motion, the viscosity is calcu- 
lated by means of equations developed 
in the science of hydrodynamics. The 
second class utilizes the results of the 
first in the following manner: at very 
low speeds the resistance put up by 
liquids against flow is generally propor- 
tional to the viscosity of the liquid. 
Thus, if two liquids are made to flow 
through the same tubes under very care- 
fully standardized conditions, a given 
quantity of the more viscous liquid will 
take proportionately longer time to 
flow through the apparatus than the 
same quantity of a less viscous liquid. 
If the viscosity of one of the two liquids 
is known from absolute measurements 
the viscosity of the second is obtained 
from the ratio of the times. 

Practically all the standard methods 
belong to the second class and use a 
narrow tube at the bottom of a reservoir 
as the main parts of the apparatus. A 
specified quantity, usually automatically 
measured by marks on the reservoir or 
by similar devices, is timed as it flows 
through the tube under automatically 
controlled pressures or heads of fluid. 
The basic standard is water; sub- 
standards are calibrated against water 
and are in turn used to calibrate the in- 
strument so that 1 second of time of 
flow signifies a certain number of units 
of viscosity. The greater the accuracy 
required from the apparatus, the longer 
and narrower will be the tube; the closer 
the tolerances on the dimensions and 
the more precise is the control of the 
driving head and of the temperature of 
the fluid. The most precise and accurate 
viscometers are usually made of glass, 
well surrounded by thermostatically 
controlled baths. The least precise and 
accurate are metallic cups with short 
holes at the bottom and with loose 
control of temperature, driving heads, 
and quantities flowing. In practice, the 
choice of apparatus will entirely depend 
on what is required from the informa- 
tion obtained about the viscosity. For 
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example, it has already been implied 
that for V.I. determinations only the 
most accurate standard methods are 
really suitable. However, for a very 
large number of control tests and for 
approximate evaluation of the viscosity 
the simple cup-and-hole viscometers 
may be found suitable. In general, 
however, there is a movement away 
from the rough-and-ready cup visco- 
meters to the glass U-tube viscometers 
of the Institute of Petroleum, the British 
Standards Institution, or of similar 
bodies in the United States and other 
countries. 

Fig. 2 illustrates a standard all-glass 
U-tube viscometer used for measuring 
the viscosity of oils in absolute units, i.e., 
in centistokes (cs). This type of appara- 
tus is specified by the B.S.I. and the 
Institute of Petroleum. The dimensions 
of the bulbs and tubes are closely speci- 
fied. However, as two 
tubes made to the 
same dimensional 
specifications can still 
give measurable 
differences in viscosity 
values on the same 
oil, the procedure is 
to calibrate the tubes 
with water or with 
oils, the viscosity 
of which is already 
known. 

d The method of 
Mir calibration and use is 
as follows: after clean- 
z ing and drying the 

tube, it is filled 

with the liquid under 

test up to mark G 

and suspended in a 
’ bath so that it is 
vertical. The liquid is 
allowed to come to 
the temperature of 
the bath, which is 
maintained constant 


an 4 


Y 
| 


Fig. 2.— : 
UTube to a high degree of ac- 
viscometer. curacy. If necessary, 


the level of the oil is brought back 
to the mark G after the temperature of 
the liquid is stabilized. To determine 
the .viscosity the oil is sucked up into 
bulb BC so that its upper level is a little 
above B and allowed to flow freely to its 
original position. The time taken for 
the upper level to fall from B to C is 
noted with an accurate stop-watch. This 
time is very nearly proportional to the 
viscosity of the liquid. Thus, by using a 
liquid of known viscosity the propor- 
tionality constant can be determined and 
used to convert times of flow of other 
liquids into viscosity units in centistokes. 

The time of flow is proportional to 
the viscosity only if it exceeds a certain 
minimum value of the order of a few 
hundred seconds. For shorter times of 
flow, corrections can be determined and 
applied. To ensure reasonably long 
times of flow with non-viscous liquids 
like kerosine, say, the tube Me is made 
of a narrow bore capillary. For more 
viscous !ubricating oils, such narrow 
capillaries would yield far too long 
times of flow for convenience—e.g., 
several thousand seconds. Therefore, 
a set of viscometers is specified with 
progressively larger capillary diameters 
to be used with different oils so that for 
each viscosity value some tube will be 
found which will give a time of flow 
between, say, 200 and 1000 seconds. 
Thus, there are five U-tube viscometers of 
this type specified which will give approxi- 
mately the following values for viscosity 
for a time of flow of 500 seconds: 

Tube No. 0 2 3 4 
Approximate 
viscosity in cs 


for a time of 
flow of 500 sec. 0°25 


2°5 25 150 1000 
Hence, tubes can be selected to measure 
the viscosity of such mobile liquids as 
water and petrol (up to | cs), kerosines 
(2 to 3 cs), light diesel fuels and gas’oils 
(5 to 15 cs), or fairly viscous lubricat- 
ing oil of, say, the consistency of castor 
oil (1000 cs) with a reasonably short 
yet sufficiently accurate time of flow. 
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The second class of standard visco- 
meter, which is more robust but less 
accurate than the all-glass U-tube visco- 
meter, may be illustrated by the Red- 
wood viscometer shown in Fig. 3. In 
this apparatus the oil is placed in the 
central cup to a fixed level. The short 
and narrow hole at the bottom of the 
cup is closed by a ball valve until the 
temperature of the oil is at the required 
value. The temperature of the oil is 
controlled by the temperature of the 
outer bath. When the conditions are 
right for a determination, the ball valve 
is removed from its seat and the oil 
flows through the agate jet into a stan- 
dard flask of 50 ml capacity. The time 
taken for the oil to fill the flask up to a 
standard mark—i.e., the time for 50 ml 
of oil to flow through the jet—is noted 
and reported as the Redwood viscosity 
in seconds. This time is only approxi- 
mately proportional to the viscosity. 
Again, there are two specifications for 
Redwood viscometry: a Redwood No. I 
for less viscous oils, and Redwood No. II 
for the more viscous oils. Therefore, the 
full report for the viscosity of an oil 
which took, say, 300 seconds in the 
No. I instrument at 200° F would read 
“Viscosity, Redwood No. I at 200° F, 
300 sec”. 


Fig. 3.—Redwood viscometer. 


The Redwood viscosity in seconds is 
only approximately proportional to the 
absolute viscosity in centistokes. Never- 
theless, tables have been compiled which 
can be used to convert one system of 
viscometry into another. The Institute 
of Petroleum publishes such a table 
as an appendix to its handbook on 
“Standard Methods”. The conversion 
factors depend, to a small extent, on the 
temperature of measurement, but, as a 
guide, the following figures illustrate the 
order of magnitude in converting one 
system to the other: 


Viscosity in cs 5 10 50 100 
Viscosity, 

Redwood No. I 

at 140° F sec. 38-5 52:0 204-7 408-2 


For viscosities above 100 cs the figure in 
centistokes may be multiplied by 4:1 to 
give an approximate value of the Red- 
wood No. I viscosity. Redwood No. II 
viscosities in seconds are always one- 
tenth the values of Redwood No. I, e.g., 
an oil of Redwood No. I viscosity of 
500 seconds will give Redwood No. II 
viscosity of 50 seconds at the same 
temperature. 

Whilst conversion from centistokes to 
Redwood seconds may be performed 
in this manner, Redwood viscometers 
should not be used for measuring vis- 
cosities in cs for accurate work—say, 
V.1 calculations—as they are not suffi- 
ciently accurate or precise. 


RHEOLOGY 


In measuring viscosity, the need for 
very careful control of the temperature 
is already apparent from what has been 
stated before. There are other factors 
to be considered, however. The viscosity 
of an oil will be affected by the pressure 
exerted on the oil to some extent; but 
this can be neglected generally. An im- 
portant factor is the presence of other 
substances in the oil. Accidental impuri- 
ties will have small effects, but “large” 
quantities of such a substance as a soap 
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changes the viscosity not only numeri- 
cally to a higher value but also funda- 
mentally in other respects. The viscosity 
of the original oil will be found the same 
at, say, a rate of flow in a pipe of 0:1 
ft sec, as at a rate of 1 ft/sec. When 
soaps, rubber, or other colloids are 
present in appreciable quantities it is 
found that the viscosity at 0-1 ft/sec is 
very much higher than at, say, | ft/sec 
in the same apparatus. In other words, 
as the fluid is sheared at a higher rate 
the viscosity is found to “break down” 
to a lower value. Again, with an oil the 
viscosity measured immediately after 
stirring the oil is found to be the same as 
that after allowing the oil to “rest” for a 
considerable time. With colloidal dis- 
persions the viscosity immediately after 
Stirring is generally different (usually 
lower) than the viscosity of the disper- 
sion after rest; as the dispersion is left 
quiescent there is a “build-up” of vis- 
cosity. Furthermore, an oil will show 
the same viscosity when heated to 
moderately high temperatures and cooled 
to the original temperature, whilst a 
colloidal dispersion of wax or soap in 
oil will generally show a different vis- 
cosity at the same temperature before 
and after heating. Finally, an oil will 
generally show no elasticity—i.e., it can- 
not sustain a pressure differential with- 
out flowing. A colloidal dispersion will 
sometimes have the ability of storing 
small or large amounts of mechanical 
energy without flow. On removing the 
pressure differential the dispersion will 
return to its original position cr at least 
will partially retrace its path towards its 
original position. In all these examples 
the “‘viscosity”’ obtained by a standard 
viscometer will be of no great value as it 
is purely the result of fortuitous com- 
binations of several factors. 

It is seen that the subject of viscosity 
is only a portion of a larger subject of 
the general deformation of matter where 
elasticity, hardening, and other compli- 
cating phenomena appear. This larger 
science is called “‘rheology—the know- 
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ledge of flow’. It is not intended even 
to summarize here the many complexi- 
ties of the subject, but it is mentioned to 
emphasize two general rules: whenever 
the viscosity of a liquid is found to be 
sensitive to: (a) the dimensions of the 
apparatus; (b) the mechanical history of 
the liquid, e.g., stirring or shaking; (c) 
thermal history of the liquid, e.g., heating 
and cooling over a short range of tem- 
perature; or (d) the rate of motion of the 
liquid in the apparatus, it is then perti- 
nent to remember that most probably 
the liquid is rheologically complex. 
With all such complex liquids the two 
rules are: 


(i) No standard apparatus is really 
suitable for use to measure all the rheolo- 
gical characteristics of such liquids. 
Methods falling in the first class, i.e., 
absolute methods, have to be used with 
appropriate safeguards and adaptations 
to the needs of the particular liquid. 

(ii) If the problem is really important, 
then a specialist in rheology should be 
consulted. He may not be able to supply 
the correct answer, but he will most 
probably avoid the wrong ones and will go 
some way towards the correct answer. 


SUGGESTIONS FOR FURTHER READING 


Aside from the I.P.“*Standard Methods 
for Testing Petroleum and its Products” 
and the A.S.T.M. Committee D-2 
“Standards on Petroleum Products and 
Lubricants”, which describe, among 
other matters, the various standard 
methods available for measuring the vis- 
cosities of petroleum products, the ap- 
pended list should be found useful. The 
article by Beale and Docksey in the 
Science of Petroleum illustrates the signi- 
ficance of viscosity in flow problems. 
Barr’s book is a classic on viscometry; 
unfortunately, it is out of print and is 
becoming difficult to obtain. Scott 
Blair’s book should give a thorough 
understanding of rheology and is one of 
the best guides to the literature on the 
subject. The short article by Hardiman 
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and Nissan and the discussion following 
it gives the historical development of the 
V.1. system, a criticism of its main fail- 
ings, and an attempt to rationalize it. 


1. BEALE, E. S. L. and Docksey, P.: “‘The 
laws of fluid flow in pipelines”, Science of 
Petroleum, Oxford University Press (1938), 
718. 

2. Barr, G.: A Monograph on Viscometry, 
Oxford University Press (1931). 

3. Scott Biair, G. W.: A Survey of 
General and Applied Rheology, Sir Isaac 
Pitman and Sons Ltd., 2nd Ed. (1949). 

4. HARDIMAN, E. W. and Nissan, A. H.: 
““A rational basis for the viscosity index 
system”, J. Inst. Petrol., 1945, 31, 266, and 
Tadayan, J., Hardiman, E. W., and Nissan, 
A. H., ibid, 1949, 35, 28. 


TRINIDAD PETROLEUM IN 
1948 


Reporting on the petroleum industry 
in Trinidad during 1948,* the Petroleum 
Technologist, W. N. Foster, states that 
at least four drilling rigs will be in con- 
tinuous operation on exploratory work 
for the next two years. No exploratory 
drilling in deep water marine areas is 
expected before 1952, but a few loca- 
tions near shore from existing fields may 
be drilled during 1950. 


PRODUCTION AND DRILLING 


Total production for the year was 
20,107,000 barrels (20,433,000 in 1947) 
of crude oil, and 182,163 barrels 
(181,000 in 1947) of natural gasoline. 

During the year 22 drilling rigs were 
in continuous operation, a total of 
638,681 feet was drilled, and 134 wells 
were completed as producers. 

The average number of wells produc- 
ing during the year was 2013, of which 
629 were flowing wells, the remainder 
being produced by artificial lift. 

Average daily production per well 
was 27:3 bri (30 bri in 1947). The 
average per flowing well was 50-7 brl/ 
day (54-2 brl in 1947). 


REFINING 


Total crude run to stills in 1948 was 
27,074,000 bri (3,829,401 tons), an 
increase of 7-1 per cent over 1947, en- 
tirely due to increases in imported 
crudes. Refinery outputs were: 


Tons 

Aviation spirit: 

100 octane 58,545 

Other 20,357 
Motor spirit 616,499 
White spirit 654 
Burning oil $9,354 
Vaporizing oil 167,534 
Gas and diesel oil 561,193 
Fuel oil 2,078,369 
Lubricating oil and grease 352 
Bitumen 61,098 
Other products 17,319 


ASPHALT 


Production of asphalt from the pitch 
lake amounted to 128,993 tons in 1948, 
as compared with 87,346 tons in 1947. 


CONTRIBUTION TO REVENUE 


In 1948 the petroleum industry con- 
tributed $13,227,663 to the Colony’s 
revenue, 26-6 per cent of the total. In 
addition $2,381,909 was collected in 
excise in petroleum products. 


L.P.G. FIRE PROTECTION 


New standards for the design, installa- 
tion, and construction of containers and 
pertinent equipment for the storage and 
handling of liquefied petroleum gases 
have just been issued by the American 
National Board of Fire Underwriters, 
85, John Street, New York 7, N.Y., 
U.S.A. The first (No. 58) applies to the 
design, construction, location, installa- 
tion, and operation of L.P.G. systems, 
and the second (No. 59) to the handling 
of these gases at utility gas plants. 


* Trinidad and Tobago: Administration Report of the Petroleum Department, 1948. Trinidad: Government 


Printer, 1949. 60 c. 
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PARAFFIN WAX PRODUCTION 


By OBSERVER 


“A TRIP around a petroleum refinery is 
often disappointing, for one never sees 
the raw material or the products—only 
a mass of pipes and containers through 
which these materials are said to be 
passing.” So said a petroleum engineer 
when a visit to a refinery was under 
discussion. But he had overlooked the 
manufacture of paraffin wax—one of the 
most desirable and valuable products 
from petroleum. 

So let us go to the Pumpherston re- 
finery of Scottish Oils Ltd., and pay 
some attention to the section where wax 
is made, for it is here that we shall be 
able to see and actually handle the 
product during various phases of manu- 
facture. 

In this refinery crude shale oil from 
the neighbouring shale mines and crude 
shale works is first distilled into four 
primary fractions—crude naphtha, a 
wax-free cut, a pressable cut, and the 
residue. 

It is the pressable cut in which we are 
particularly interested, as it is in this 


distillate, amounting to some 60 per cent 
of the total crude throughput, that the 
wax is concentrated. It derives its name 
from the fact that the main part of 
the wax recovery process consists of 
passing this distillate through a filter 
press. 

The first treatment of the pressable 
cut after it leaves the distillation unit is 
to chill it to a low temperature so that 
the wax will crystallize. The chilling 
plant consists of two concentric tubes. 
The oil to be chilled is pumped through 
the centre tube, and the chilling medium 
passes through the annular space be- 
tween the tubes. 

As the wax crystallizes, the mixture of 
oil and wax tends to adhere to the in- 
ternal surface of the tubes, and is 
continuously scraped off by rotating 
scrapers mounted centrally inside the 
tube. 

From the chilling plant the chilled 
wax distillate passes to the filtration 
plant. The filter press consists of 500 
plates covered with filter cloths, rings 


The filter press is closed by hydraulic pressure to a maximum pressure of 500 p.s.i. 
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A bank of trays in the Henderson sweating 
stove. 


between the plates forming compart- 
ments into which the chilled distillate is 
pumped through openings in the centre 
of the plates. 

The press is closed by hydraulic pres- 
sure, and, as filtration proceeds to a 
maximum pressure of 500 p.s.i. the 
wax forms cakes in the rings, and we 
now see the wax-free oil coming out 
of the press and draining away to 
storage. 

When filtration is complete, the pres- 
sure on the press is released and the 
plates are prised apart to release the wax 
cakes, which we now see for the first 
time. The wax at this stage is of a light 
brownish colour, for it still contains a 
certain amount of oil, and as it falls out 
of the press, it is taken away on a con- 
veyor belt, melted, and pumped to the 
next stage of the process. This consists 
of treating the melted wax with sulphuric 
acid and sodium carbonate solution. 
The treated wax is then sweated to 


remove the remaining oil and produce a 
wax to melting-point specification. 

It was fortunate that, while most of 
the sweating is done in 20-ton vertical 
tube sweaters, some is still performed in 
the original Henderson sweating stoves, 
which permit observation of the process. 
The sweating stoves consist of a number 
of shallow trays fitted with expanded 
metal false bottoms. Water is placed in 
the trays up to the level of the expanded 
metal, and the wax cake is melted and 
run on top of the water until the tray is 
filled. The wax is then allowed to cool, 
and when it has resolidified, the water is 
drained away. The stove is then closed 
and heating commenced. As the wax 
warms up, the oil is released from 
entrainment in the wax crystals and 
drops into the space below the expanded 
metal and is drained away. During 
removal of the oil it is fascinating to see 
the wax gradually losing its colour and 
becoming whiter. Sweating is stopped 
at the point when the correct melting- 
point is reached. Even now the wax stil! 
contains some colour, and_ further 
refining is required. So, when the 
sweat is finished, the heat is increased 
until the wax melts completely, and in 
the liquid state is pumped to a plant 
where it is filtered through Floridin, a 


The slab casting room. 
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decolorizing medium, to remove the 
colour. 

After the Floridin treatment, it only 
remains to cast the finished wax into 
cakes. At Pumpherston this is simplicity 
itself. The casting trays are stacked in 
slightly overlapping tiers so that as the 
top layer of trays becomes filled, the 


liquid overflows and fills each succeeding 
lower layer in turn until all trays are filled. 

After the wax in the moulding trays is 
completely cooled, the slabs—beauti- 
fully white in the case of the best grades 
—are removed and bagged. 

So ends the only completely visible 
petroleum refining process. 


BOILER FUEL 


IN DIESEL ENGINES 


IN 


M.S. AURICULA 


On August 17, 1949, the 12,250-ton 
D.W. 12-knot tanker Auricula, owned 
by the Anglo-Saxon Petroleum Co. Ltd., 
completed three years’ service burning a 
normal grade of boiler fuel in her 4000 
1.H.P. 4-stroke cycle single-acting Haw- 
thorn/Werkspoor diesel engines. 
During the three years’ normal tanker 
service, in the western hemisphere, the 
following has been accomplished: 


Distance covered between pilot vessels, 
217,823 miles. 

Average speed between pilot vessels, 
12-04 knots. 

Time operating at full power, 18,100 
hours. 

Total revolutions made by main engine, 
141,000,000. 

Number of ports visited by ship, 75. 


During the first year’s service much 
experimenting had to be done, and the 
engines operated at times under ex- 
tremely exacting conditions. For in- 
stance, the engine was on occasions run 
for long periods at greatly reduced 
power in order to determine the altera- 
tions required to ensure reliable opera- 
tion under unusual conditions occa- 
sionally encountered at sea, and to 
ascertain the effect upon combustion of 
varying the supercharge air pressure and 
other factors which could be expected to 
have an adverse effect upon vital parts. 

For a portion of the first year the 
engine operated on diesel fuel when 

**The burning of boiler fuels in diesel engines 


.”’ John Lamb, Trans. Inst. Mar. Eng., 1948, 60, 1-25. 
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entering and leaving port, but during the 
past two years fuel having a viscosity of 
between 1200 and 1500 sec Red. I at 
100° F has been used exclusively. During 
the three years 9099 tons of fuel have 
been consumed by the main engine. 

The cost of diesel fuel and high vis- 
cosity fuel was 83s and 6ls per ton 
respectively when the Auricula was com- 
missioned, and the present-day prices 
are 98s 6d for diesel fuel and 47s 4d for 
the fuel the engine is now using. On the 
basis of the prices now ruling at Curagao 
and the daily consumption at sea during 
the past three years, the saving effected 
in the fuel bill of the Auricula by operat- 
ing on high viscosity fuel is £7734 per 
annum. 

The Auricula has lifted bunkers 
mostly at Mexican Gulf ports, but the 
eight other Anglo-Saxon tankers of 
similar size and power so far equipped 
to operate on high viscosity fuels are 
trading world-wide and lifting bunkers 
of Middle East and Far East, as well as 
Venezuelan origin. 

The whole of the high viscosity fuel 
used on the Auricula was purified in 
accordance with the recommendations 
made,* and the amount of solid matter 
extracted per ton of fuel treated has 
varied from 23 Ib to 10 oz in the case of 
the purifier, and 160 oz to 2 oz in the 
case of the clarifier, depending upon the 
source of supply. 

The cylinder liners have been gauged 


| 


regularly for wear and the average 
maximum wear until May 1949 was 
0:0038 inch per 1000 full power opera- 
ting hours. Fuel injection and exhaust 
valves operate for 1500 hours before 
being removed for inspection. 


On no occasion has the ship been 
delayed in port for engine-room require- 
ments, and the stoppages at sea which 
can be attributed to the burning of high 
viscosity fuel total 6} hours only. Not 
once has the engine failed to answer 
telegraph orders from the bridge. 


No major difficulties have been en- 
countered, but the high sulphur content 
of the fuels used, namely, 2} to 3 per 
cent, has had an adverse effect upon 
certain parts. For instance, the piston 
cooling water telescopic pipe packing 
normally used when burning diesel fuel 
is unsuitable for sulphur-containing high 
viscosity fuels. It has also been necessary 
to give attention to the piston rod oil 
scraper packing situated at the top of 
the crankcase in order to avoid acid- 
containing substances from entering the 
crankcase and contaminating the lubri- 
cating oil. Good progress towards the 
elimination of these minor difficulties 
has already been made, but it will not be 
until the next paper on this subject is 
read before the Institute of Marine 
Engineers in April next that full parti- 
culars can be given. 


As now adjusted, the Auricula’s engine 
is capable of burning fuels ranging in 
viscosity from 40 to 1500 sec Red. I at 
100° F, but for fuels ranging between 
1500 and 3500 sec a different type of 
fuel iniection valve nozzle is required. 


During the past twelve months, ex- 
periments in the burning of fuels having 
a limiting viscosity of 3500 sec Red. I at 
100° F have been carried out on the test 
engine at Hawthorn Leslie’s, St Peter’s 
works, and the results obtained justify 
the decision to operate the main engines 
of the Auricula on this grade of fuel 
when next she puts to sea—JOHN LAMB 


“PETROLEUM TECHNOLOGY 
IN 1946” 


Just issued is Vol. 8 of the Institute's 
publication Reviews of Petroleum Tech- 
nology. This volume covers the year 
1946 and summarizes progress in that 
year in all branches of the petroleum 
industry. 

In addition, certain subjects which 
were not included in the previous 
volume (1941-5) are discussed, such as 
Regional developments; Transport, stor- 
age, and distribution; Oil measurement; 
Crude oils; Lubricants and lubrication; 
Insulating oils; Engines and automotive 
equipment; Economic developments in 
the petroleum industry; U.K. petroleum 
legislation. 

Throughout its 445 pages there are 
over 3000 references to the literature. 
Thus, this book is a mine of information 
on the petroleum industry developments 
in the year or years reviewed, and is one 
which every member of the industry 
needs to have available. 

Price is 27s. 6d. post free (22s. 6d. to 
members of the Institute for one copy 
only) and it may be obtained from the 
Institute’s offices. 


PLUTO AWARDS 


The Royal Commission on Awards to 
Inventors has recommended that awards 
totalling £15,100, tax free, be paid in 
respect of the inventions which made the 
Pipe Line Under The Ocean project pos- 
sible. The awards and their recipients 
are A. C. Hartley, C.B.E., F.Inst.Pet., 
£9000; B. J. Ellis, F.Inst.Pet., £5000; 
M. K. Purvis, £850; A. E. Price, £250. 


Techne Industrial Viscometer.—A leaf- 
let describing this instrument is available 
from Techne (Cambridge) Ltd., Dux- 
ford, Cambs. 
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A VISIT TO 
THE FRENCH GAS FIELDS 


DuRING the recent congress of the Asso- 
ciation Frangaise des Techniciens du 
Pétrole, a visit was made to the Régie 
Autonome des Pétroles at* Boussens. 
The visitors, who included Mr E. A. 
Evans, President of the Institute of 
Petroleum, were welcomed by _ the 
Director-General, M. de Vries, who de- 
scribed the work of the R.A.P. as 
summarized below. 


EXPLORATION 


At the beginning of 1939 work had 
commenced on Well No. 1, St Marcet, 
in which, six months later, gas was found 
at 160 kg/sq. cm. pressure in Cenomanian 
breccia. Subsequently petroleum was 
found in the Jurassic dolomite. 

New drilling equipment was delayed 
by world conditions but, despite post- 
war difficulties, 18 wells had been drilled, 
12 of which produced gas. On the other 


‘structures 16 deep wells had given indi- 


cations of gas, but had not been put into 
commercial production. 

On the 240,000 hectares held by the 
R.A.P., 41 wells have been drilled or are 
being drilled. Many of the wells exceed 


Well No. 1 at Puymaurin. 
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Gasoline recovery plant at Boussens. 


3000 metres in depth, the deepest, at 
Puymaurin, reaching 4044 metres. The 
total depth drilled is about 100,000 
metres. 

It is hoped to obtain further conces- 
sions in Provence, in Savoy, and in the 
Jura region. 


EXPLOITATION 

Commercial use of St Marcet gas 
began in 1942, when a 6-inch pipeline, 
85 km long, was laid to Toulouse. 

The gas, which consists of 92 per cent 


St Marcet No. 7 has an open flow 
capacity of 1,500,000 cu. ft./day. 


r 
3 
| 
| 
= 


methane and a little nitrogen, contains 
about 100 g cu.m. of butane and pro- 
pane, and is treated at the Peyrouzet 
works of the Cie Francaise de Raffinage. 

Pipelines totalling 800 km in length 
serve the towns of Tarbes, Pau, Agen, 
and Bordeaux, and a second line to 
Toulouse was completed in 1947. 

Current gas production is 700,000 
cu.m. per day. 


CASING-HEAD GASOLINE 


The new recovery plant at Boussens 
can handle 1,200,000 cu.m. (42,000,000 
cu.ft.) per day at 70 kg sq.cm. pressure. 
At normal capacity output will be 
40,000 m. tons of commercial products 
per annum, and plant is being erected to 
fill daily 3000 bottles with domestic and 
industrial gas. 


St MARCET 


At the St Marcet field, which was 
visited, there are 12 productive wells 
linked to a control and water separation 
plant at the head of the 93-inch pipeline 
to the Boussens works. Present pressure 
is 147 kg sq.cm. 

At the conclusion of the visits, M. de 
Vries thanked the visitors for their in- 
terest in the works, and M. Migaux, 
President of the A.F.T.P., proposed a 
hearty vote of thanks to those who had 
made the visits so interesting. 


WORLD OIL MAP 


The Petroieum Information Bureau 
has recently issued a revised edition of 
its oil map of the world. Measuring 38 
by 19 inches, the map shows by coloured 
squares and circles the location by 
countries of the world’s oilfields and 
refineries. Main tanker routes are also 
indicated. 

Statistical details of world crude oil 
production and refining capacity in 1948 
are given in tabular form below the 
map. Copies, price Is each (cash with 
order), are obtainable from the Bureau, 
29 New Bond Street, London, W.1. 


ENGINEERING 
AND MARINE EXHIBITION 


Lubrication of industrial machinery 
and marine and similar diesel engines 
was the keynote at this year’s Engineer- 
ing and Marine Exhibition, held at 
Olympia, August 25 to September 10. 

Thus the principal exhibit on the 
stand of Shell Mex and B.P. Ltd. was 
one of the new lubricant testing engines, 
which has been designed in conjunction 
with the Institute of Petroleum, and 
is intended for use in testing for H.D. 
lubricants. This engine was demon- 
strated in operation and presented a 
good insight into methods of collecting 
research data. Other products of the 
company and its associates were ex- 
hibited. 

The stand of the Anglo-American Oil 
Co. Ltd. comprised samples and infor- 
mation concerning industrial lubricants, 
including such materials as launching 
greases, etc. 

Germ Lubricants Ltd., in addition to 
samples of various lubricants, demon- 
strated the Bollard oiliness comparator. 

Industrial and marine oils and greases 
were also exhibited by Messrs C. C. 
Wakefield & Co. Ltd., Sternol Ltd., 
Messrs Alexander Duckham & Co. Ltd., 
Messrs Albright & Wilson Ltd., Messrs 
Fletcher Miller Ltd., and Messrs. Edgar 
Vaughan & Co. Ltd. 

Much plant of interest to the petro- 
leum industry was on view, and there 
were numerous examples of diesel 
engines of all. types—marine, locomo- 
tive, and stationary. 


*“Puremor’’ Textile Spray.— Among 
the exhibits at the Textile Machinery 
Exhibition which opened in Manchester 
on October 12 was the ‘Puremor” 
textile spray equipment for the pre- 
conditioning of cotton and synthetic 
fibres. 
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E. V. Murphree 


THE demand for oil products in the 
United States has increased during the 
last ten years at a rate of 6:5 per cent 
per year compounded annually. In 1947 
consumption increased rapidly to 
5,400,000 brl day, an increase of about 
11 per cent over 1946, and the U.S. was 
hard put to meet the demands for oil 
products. In 1948 the rapid rate of 
increase in consumption of petroleum 
products started to die off and was only 
about 6 per cent above 1947. A con- 
tinued levelling off in consumption is 
expected in 1949. During 1948, supplies 
came into balance with demand, and 
to-day there exists surplus capacity. 
Interest has again developed in the 
production of synthetic fuels from 
natural gas, coal, or oil shale. A con- 
siderable amount of research and 
development has been carried out since 
the war in this field by various oil com- 
panies and by the U.S. Bureau of Mines. 


NATURAL RESERVES 


As the first step in determining from 
where oil for the future may come, it 
will be helpful to consider the reasonably 
well-established supplies of crude oil, 
natural gas, coal, and oil shale, and at 
the same time to consider supplies of oil 
and natural gas that may be expected to 
be found in the future. In the case of oil 
and natural gas, “potential supplies” is 


OIL FOR THE FUTURE* 


By E. V. MURPHREE 


President, Standard Oil Development 


Company 


the sum of the proven reserves plus 
possible future discoveries. 

Figures are frequently given on the 
proven reserves of crude oil and natural 
gas, i.e., known supplies in the ground 
and not to be confused with the potential 
supplies. The proven reserves, which 
show a steady increase, should be re- 
garded as a working inventory from 
which material is being withdrawn to 
meet current needs and to which material 
is being added through both new dis- 
coveries and extensions of known fields. 

For the purpose of estimating for how 
long the world’s needs of oil products 
can be supplied from crude oil, proven 
reserves are of little value. Recognition 
must be taken of possible future dis- 
coveries and for this reason ‘‘potential 
supplies” should be used. How sound 
the figure used for potential supplies may 
be depends on how good the estimates are 
on new discoveries. Oil and natural gas 
are normally found in sedimentary 
deposits of marine origin, and an esti- 
mate can be made of the volume of such 
sedimentary basins scattered throughout 
the world. By applying an estimate of - 
oil yield per unit of volume, an estimate 
can be obtained of how much undis- 
covered oil exists in the earth. 

The proven oil and distillate reserves 
for the United States are about 
27,000,000,000 barrels, about 12 to 13 
years’ supply at the 1948 rate of con- 
sumption. Proven reserves for the wes- 
tern hemisphere and for the world are 
about 40,000,000,000 and 78,000,000,000 
barrels respectively. The latter figure is 
the equivalent of about 23 years’ supply 
at the 1948 world oil consumption rate. 

For natural gas the proven reserves in 
the U.S. are about 174,000,000,000,000 


* Summary of an address to the Oil Industries’ Club, July 5, 1949. 
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cubic feet, and for the world as a whole 
about 290,000,000,000,000 cubic feet. 
At present efficiency for conversion, 
the United States reserves would be 
equivalent to about  17,000,000,000 
barrels of oil and those of the world to 
about 29,000,000,000 barrels. In the 
U.S. the bulk of the natural gas will 
probably be required for use for fuel 
as such. 


SYNTHETIC PRODUCTION 


The estimates on oil shale and tar 
sands are based on various geologic 
surveys and are probably fairly accurate 
for the U.S. and certain other countries. 
There are vast areas in the world, how- 
ever, that have not been explored in 
detail, and actual figures may well be 
higher than those to be presented. 

Estimates on coal and lignite that are 
given for the U.S. are based on a study 
made by the U.S. Geologic Survey in 
1907. There is little new basic informa- 
tion and these figures have not been 
greatly changed. Many people in the 
coal industry feel they are too high by a 
magnitude of up to fifteenfold. 

Table I gives some estimates on us- 
able reserves of oil shale, tar sands, coal, 
and lignite. 

The potential oil represented by these 
materials is quite large. The figure for 
coal in the U.S. may be too high, and 
allowance should be made for coal 
required for present use at about 
600,000,000 tons per year. 

Future crude oil production rates for 
various areas of the world depend on 
demand and on how rapidly present 
fields are produced and new fields found. 
The western hemisphere could readily 


be self-sufficient for 15 to 20 years and 
maybe much longer. Assuming that 
western hemisphere supplies are readily 
available to the U.S., it does not appear 
necessary to create there a synthetic 
fuels industry at present. Real progress 
is being made in the U.S., however, in 
the techniques for producing synthetic 
fuels, and further advances coupled 
with possible further increases in the 
cost of finding and developing crude oil 
supplies, may well lead to the creation 
of a synthetic fuels industry on a purely 
economic basis. 

Hydrogenation of coal to produce oil 
products was practised widely in Ger- 
many before the war, and there was one 
large plant in England. In the USS. 
a great deal of experimental work has 
been carried out on the hydrogenation 
process, particularly for increasing the 
yield of light products from crude oil 
and to making certain special products. 
At present the Bureau of Mines is build- 
ing a demonstration coal hydrogenation 
plant. It does not appear that hydro- 
genation offers an attractive a means of 
converting coal into oil products as the 
Fischer-Tropsch Process. 


FISCHER-TROPSCH PROCESS 


This process, applied to either coal or 
natural gas, consists of converting the 
coal or natural gas into synthesis gas, a 
mixture of hydrogen and carbon mon- 
oxide, and converting the synthesis gas 
into oil products. 

The most important modifications of 
the Fischer-Tropsch process that have 
been made in development work in the 
U.S. are concerned with the catalyst and 
its application. In the German process 


TABLE I Equivalent 
Years World 
United Western Oil Supply 
States Hemisphere World 1948 Rate 
Shale and tar sands: 
Oil equivalent—million brl 320,000 1,035,000 — 400 
Coal and lignite: 
Total—million tons 3,180,000 3,440,000 6,750,000 — 
Oil equivalent—million br] —_ 6,360,000 6,880,000 13,500,000 3900 
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the catalyst was 
used in a fixed 
bed between 
cooling surfaces 
to control its 
temperature. Be- 
cause of the low 
rates of heat 
transfer a great 
deal of catalyst 
was required and 
large cooling 
surfaces. The 


SYNTHESIS GAS 


OXYGEN 


WATER 
involved and ex- 
pensive. In the 


REACTOR 


SCRUBBER 


Gas 


STEAM}. 


GASOLINE 


FUEL OS 


PRODUCT RECOVERY 
TREATING @ FRACTIONATION 


U.S. the fluidized 
solids technique has greatly simplified 
and lowered the cost of the equip- 
ment. Instead of cobalt, an iron catalyst 
has been used to give a higher octane 
number gasoline than present-day 
premium gasoline. 

The essential features of production 
of synthetic fuels from natural gas using 
the fluidized solids technique (Fig. 1) 
are: 

After preheating, the natural gas, to- 
gether with preheated compressed oxy- 
gen, is fed into a synthesis gas generator. 
The burning zone of the generator is an 
open chamber lined with refractory insu- 
lation, where the methane is converted 
by partial oxidation to carbon monoxide 
and hydrogen. 

On leaving the combustion zone the 
hot products of combustion are cooled 
and passed to the base of a fluid-type 
reactor. Here, in the presence of an iron 
catalyst, which, in “‘fluid’’ state, is in 
constant and violent motion, it reacts 
to form synthetic hydrocarbons and 
water. 

The reaction liberates a very large 
amount of heat, amounting to nearly 
2,000,000 B.Th.U. per barrel of oil 
produced. High rates of heat transfer 
through cooling tubes immersed in the 
fluidized catalyst permit the maintenance 
of uniform temperature throughout 
the catalyst, and provide high-pressure 
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Fig. 1.—The fluid hydrocarbon synthesis process. 


steam for heat and power throughout 
the plant. 

The synthesis product leaving the 
fluid bed in vapour form carries with it 
a small amount of entrained catalyst, 
which is recovered in a cyclone and 
returned through a dip pipe to the 
catalyst bed. The vapours are cooled 
and condensed, and some of the uncon- 
densed gases are recycled for further 
processing. The liquid products—high 
octane gasoline, diesel oil, and chemicals 
—then undergo normal finishing treat- 
ment. 

For the conversion of coal to synthetic 
oil products the major change in Fig. 1 
would be to substitute powdered coal 
and steam for natural gas. The genera- 
tor, however, may take a somewhat 
different form. 

One commercial unit for the conver- 
sion of natural gas into oil products is 
now being built in the U.S., and it is 
believed that one or more satisfactory 
processes for converting coal into syn- 
thesis gas will be evolved. 


SHALE AND TAR SANDS 


A crude oil can be obtained from oil 
shale or tar sands by heating the material 
up to a temperature of 800° to 1000° F. 
The crude oil distilling off needs con- 
siderable refining for conversion into 
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TO RECOVERY, 
HYDROGENATION 
AND REFINING 


GRINDER 
SHALE ROCK 


AIR BLOWER 


BURNER 


fresh shale, oil 
products distil- 
ling off. In order 


WASTE HEAT 
| to keep a supply 
FLUE GAS of hot, spent 
shale in the re- 
vessel, 
00 spent shale is 
withdrawn to a 
second vessel 
known as_ the 
heating vessel. 


In this vessel a 
fluidized bed of 
spent shale is 
maintained and 
residual carbon 


SPENT SHALE 


satisfactory products, one method being 
to hydrogenate it and then refine by 
conventional processes. 

For retorting of shale, the fluidized 
solids technique appears to have applica- 
tion and has been carried out on a pilot 
plant scale. Other processes are being 
developed which may have application. 

The application of the fluidized solids 
process to shale retorting is illustrated 
an Fig. 2. Crushed oil shale is charged 
to a hopper and then to a retorting 
vessel containing a fluidized bed of hot 
previously retorted shale. Contact with 
the hot, spent shale rapidly heats up the 


Raw material Petroleum 
Location Gulf Coast 
Products market East Coast 
Total investment 
per brl/day gasoline $7300 
Raw material $2:78/B 
Gasoline cost 
(cents per U.S. gall): 
Raw material 8-5 
Manufacturing and 
transport 6:0 
Total 14-5 


Fig. 2.—The fluid shale-oil retorting process. 


is partially 
burned by intro- 
ducing air into the vessel. The heat 
of combustion heats the spent shale, 
which is circulated back to the retorting 
vessel. Spent shale is discarded as re- 
quired to keep the proper volume of 
solids in the vessels. The oil products 
distilled in the retorting vessel pass on 
to recovery equipment. 


GASOLINE COosTS 


Some estimates (Table II) have been 
prepared on the investments and costs 
of making gasoline from crude oil, 
natural gas, coal, and oil shale. In 


TABLE I, 
Manufacture of 97 Research Octane Number Gasoline 


Natural Gas Coal Oil Shale 
East of 
Gulf Coast Mississippi Colorado 
East Coast Local Calif. 
$8800 $10,900 $9500 
10c/ MCF $4:50/Ton $1-15/Ton 
2°5 5-5 5:5 
10-0 16:0 14-0 
125 21-5 19-5 
12 
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considering these figures the following 
points should be borne in mind: 


1. Investments are for new facilities 

throughout. 

Estimates are rough and in the case 

of coal are based on only partly 

demonstrated processes. 

3. Estimates are for large plants at 
particular locations which have been 
considered favourable locations. 

4. For petroleum, the posted price for 
crude oil has been used. This, in 
general, contains a return on the 
crude oil production investment. 

5. Allowance is made for a profit on 
manufacturing and transportation 
investment amounting to about 6 per 
cent on the investment after income 
taxes. The raw material prices for 
coal and oil shale are based on 
roughly the same rate of return on 
the mining investments involved. 

6. No allowance has been made for 
housing that may be required, parti- 
cularly in the coal and oil shale cases. 
It is doubted that such housing 
would be self-supporting. The in- 
vestments for housing may be quite 
large. 

7. 97 research octane number gasoline 
has been selected for this comparison 
because it is considered to be the 
grade required by the time that the 
synthetic plants might be operating. 


te 


The comparison shows that the in- 
vestment based on crude oil as a raw 
material is the lowest, the other invest- 
ments ranging from 20 to 40 per cent 
higher per unit of gasoline capacity. 

It should be realized that there may 
be more profit in the crude oil produc- 
tion operation than in the natural gas 
production operation. In the case of all 
the synthetic fuel processes, technologic 
advances may be rapid, and equipment 
designed to-day may soon be obsolete. 

In both the natural gas and coal con- 
version operations chemicals are pro- 
duced which may find a _ profitable 
market. For the estimates it has been 


assumed that the chemicals would be 
included to the extent possible in gaso- 
line and the balance thrown away. In 
the case of coal, it may be desirable first 
to carry out a carbonization operation 
to produce tar and fuel gas. The coke 
so obtained could then be processed 
to yield synthesis gas. In the figures 
presented, no carbonization step has 
been assumed. 

It is expected that progress will reduce 
the investment and cost of producing 
synthetic fuels. 


ELECTION TO COUNCIL 


The attention of members of the Insti- 
tute is directed to the following extracts 
from the by-laws governing election to 
the Council of the Institute: 


72. Each and every Corporate Mem- 
ber may nominate in writing a Cor- 
porate Member for election as a 
Member of Council. .... A nomination 
to be valid must be signed by at least 
six other Corporate Members and 
must be received by the Secretary not 
later than the thirty-first day of 
December in any year. No member 
may sign more than one such Nomina- 
tion Paper at any one election. . 


Nominations must be made on special 
forms obtainable from the general 
secretary. 


TECHNICAL EXPERT 
REQUIRED 


ENGINEERING COMPANY, with full 
machine shop, steel bending, rolling, 
welding and forming facilities for making 
petroleum equipment wish to employ on 
licence, commission or royalty basis a 
technical expert with experience in petro- 
leum equipment design. Apply with de- 
tails of relevant training and experience 
to Box 101, c/o Institute of Petroleum. 
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FORTHCOMING MEETINGS 


INSTITUTE MEETINGS 


Synthesis and Properties of Hydro- 
carbons. Hydrocarbon Synthesis Panel 
of Research Group. At 26 Portland 
Place, London, W.1 (tea 5 p.m.), 
November 9. 


Oil Prospects in the Netherlands. W. J. 
Mulders. At 26 Portland Place, 
London, W.1 (tea 5 p.m.), December 
14. 


NORTHERN BRANCH 


Greases. C. F. Green. 
Club, Albert Square, 
6.30 p.m., November 15. 


At Engineers’ 
Manchester, 


SCOTTISH BRANCH 


The Oilfield Production System De- 
veloped in S.W. Iran. H. S. Gibson. 
At North British Station Hotel, 
Edinburgh, 7.30 p.m., December 7. 


STANLOW BRANCH 


ASTM _ IP Co-operation in International 
Standardization with Particular Refer- 
ence to Oil Measurement. H. Hyams. 
At Grosvenor Hotel, Chester, 7.15 
p.m., November 16. 


Operational Research in Industry. R. E. 
Strong. At Grosvenor Hotel, Chester, 
7.15 p.m., December 15. 


MEETINGS OF OTHER SOCIETIES 


By Sea and Air to South American Oil. 
J. S. Parker. Royal Institute of 
Chemistry (London & S. E. Counties 
Section). At Isleworth County School, 
7.0 p.m., November 9; at West Ham 
Municipal College, 6.30 p.m., Noy- 
ember 10. 

Submerged Flame Combustion. N. 
Swindin. Institution of Chemical 
Engineers. At Geological Society, 
Burlington House, London, 5.30 p.m., 
November 22. 


TANKS ... 


OF BULK LIQUIDS 


Telegrams: Bellamy, Phone, London 


FOR THE TRANSPORT AND STORAGE 


Manufacturers of all classes of riveted 

and welded work, including air receivers, 

buoys, chemical plant, chimneys, ducting, 
hoppers, etc., and garage equipment 


JOHN BELLAMY LIMITED 


Head Office and Works: 
MILLWALL, LONDON, E.14 


Telephone: East 1892-4 
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“|| THE SIMPLIFIED VERSION OF OUR 
5.200 RESEARCH MODEL 


i Available with immediate delivery, with a wide variety of fittings 
‘ and controls to cover a whole range of different requirements 
(including integral coolers for running below room temperature) 
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In its more elaborate form it will give accuracy of better than 
—0°01°C. at 50°C., and can be used up to 120° C., with oil, if required 


High velocity jet circulation | Separate motor pump unit (isolated) 
Controls external apparatus _—_ Heat-resisting plate glass sides 
Very large scale production—low price 


FOR - * to 


TOWNSON & MERCER LIMITED 
CROYDON ENGLAND 
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WHEN FLAMEPROOF IS SPECIFIED VICTOR UNIT LIGHTING IS THE ANSWER 


Victor Flameproof Lighting comprises a complete range of plug-connected lighting 
fittings, distribution boards, junction boxes, switch and fuse units, suitable for 
single-phase or three-phase up to 650 volts, and certified safe for groups 1, 2 and 3 
gases. Die cast in special Victor alloy, with bullet-hard toughened glass globes, 
Victor Unit Lighting gives maximum safety and durability. Victor Lighting has been 
proved and tested by extensive use in British 
mines, and today large scale production enables 
these highly adaptable units to be produced at 
really keen prices. The form of lighting for 
petroleum atmospheres, coke oven plants, and all 

industrial applications demanding flameproof con- 

ditions ... May we send you full literature? 


VICTOR PRODUCTS (WALLSEND) LIMITE 
The largest Rotary Drill Manufacturers in the World 


WALLSEND-ON-TYNE ° ENGLAND 
Telephone : Wallsend 63271-2-3. Telegrams: Victor’’ Wallsend 


S&B V5/2 
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WE OFFER YOU THIS 
MOST IMPORTANT FACTOR IN DESIGN FOR 


PETROLEUM. AND DERIVATIVES : Wide experience combined with 
LIGHT HYDROCARBONS highly specialized knowledge is 
: the important factor in the design 
; COAL TAR AND DERIVATIVES 
ORGANIC ACIDS 


of successful distiliation units. 


BADGERS have designed, engin- 
eered and constructed commer- 
cial distillation units of all sizes 


for thé petroleum and chemical 
industries — from capacities of 6 
barrels per day of peppermint oil 
to 90,000 barrels per day of 
petroleum crude distillation. 


This broad experience is available 
for the solution of new problems 
or improved approaches to old. 


E. B. BADGER & SONS (GREAT BRITAIN) LTD. 


99 ALDWYCH: LONDON: 


PROCESS ENGINEERS and CONSTRUCTORS FOR THE 
P9ETROLEUM, CHEMICAL and PETRO-CHEMICAL INDUSTRIES 
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HIGH PRESSURE HEAT EXCHANGERS 


Surface per Unit - ae 2170 sq. feet 
Working Pressure in Tubes es 1500 Ib. per sq. inch 


These two Units form part of a battery com- 
prising 60 similar Units and having a Crude 
Oil throughput of 4} million gallons per day. 


A. F. CRAIG & CO., LTD. 


CALEDONIA ENGINEERING WORKS 
PAISLEY SCOTLAND 


London Office: SALISBURY HOUSE, LONDON WALL, E.C.2 
Telephone: MONarch 4756 


American Associates: 
THE KOCH ENGINEERING COMPANY, INC., WICHITA, KANSAS 
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Telephone: Telegraphic Address: 
Cierkenweil 2908 ** Gasthermo, Barb, London”’ 
Thane 


The mark of precision and efficiency 
BRITISH MADE THROUGHOUT 


B. BLACK & SON, LTD. 


180 Goswell Road, London, E.C.| 


MANUFACTURERS OF 
LABORATORY THERMOMETERS 


Fluid-in-Glass Thermometers graduated on stem, for determining tem- 
peratures between — 200’ + 550° C. with an accuracy, corrections and permanency 
well within the limits permissible to obtain N.P.L. Certificates. 


The filling in the etchings is heat resisting and is insoluble in all solvents 
with the exception of those that attack the glass itself. 


MAKERS OF THERMOMETERS TO ALL 
SPECIFICATIONS FOR PETROLEUM TESTS 


A TRUE BILL 


“The destructive effect of partially reduced sulphur compounds on metals is not 
sufficiently realised. Together with salt water these corrosive reagents are the source 
of heavy monetary losses in the petroleum and oil industries."’ 


BARRONIA METAL FIRST WENT ON TRIAL 


over 25 years ago. Since then it has made an outstanding 

contribution to efficiency and economy in Heat Exchangers 

—Oil Coolers—Vapour Condensers—Pumps for Acid 

Sludges—Cracking Plants—Still Plugs, etc., etc. 

at temperatures up to I150 F. and _ pressures 
exceeding 1000 Ibs. 


Copies of the latest edition of ‘‘Copper Alloys—for the Engineering Industries’’, 
(a Barronia publication of 150 pages of technical facts and data) are available, post 
free on application to 


BARRONIA METALS (Great Britain) LIMITED 
HEREFORD, ENGLAND. 


319 


4 


<{> Scientific service 


to the petroleum and 
allied industries 


Apparatus for determining the breaking 
point of Bitumen (Fraas) |.P. 80/45 as | 
used by the Shell Petroleum Company Ltd. | 


Delivery from Stock 


Full details on application to: 


w. GEORGE « BECKER 


17-29 HATTON WALL, LONDON, E.C.1. Phone CHAncery 6011-4 

157 GT.CHARLES ST. BIRMINGHAM 2 Phone CENTral 7641-3 

LABORATORY FURNISHERS, MANUFACTURERS OF SCIENTIFIC 

APPARATUS, BALANCES AND WEIGHTS, SUPPLIERS OF CHEMI- 
CALS AND ANALYTICAL RE-AGENTS 
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MANUFACTURERS 


TO THE 


BONA FIDE 
OlL TRADE 


only. 


ECLIPSOL OIL CO. LTD., 


ROEBUCK LANE, 
WEST BROMWICH. 


PHONE: GRAMS: 
WEST BROMWICH 0431-2-3-4. SOLUBLE, WeEST BROMWICH 


Printed by Jarrold & Sons, Ltd., Norwich 
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AY 
THE | Webel 


With its hermetic, liquid- 
tight closure and reduced 
bottomforeaseof stacking 
the Metal Containers Pail 
can in addition be equip- 
ped with standard fittings 
such as a press-cap to be 
used when packing liquids. 
Capacity range at present 


is 2, 3, 4 and 5 gallons. 


PRIOR TO 
CLOSING 


SEALED 


OPENING 


(> 


SCREWDRIVER 


i 


METAL 
WORKS: 


CONTAINERS LTD.. 17 WATERLOO PLACE, PALL MALL, LONDON 
ELLESMERE PORT & RENFREW. ASSOCIATED COMPANIES OVERSEAS 
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